The purpose of this study was to examine the incidence of mild cognitive impairment (MCI) and patterns of progression from incident MCI to dementia in 285 cognitively normal subjects (mean age, 78.9 years) in the Cardiovascular Health Study-Cognition Study from Results: Two hundred (70%) of the participants progressed to MCI; the age-adjusted incidence of MCI was 111.09 (95% confidence interval, 88.13-142.95) per 1,000 person-years. A total of 107 (53.5%) of the incident MCI subjects progressed to dementia. The mean time from MCI to dementia was 2.8 Ϯ 1.8 years. Forty (20%) of the incident MCI cases had an "unstable" course: 19 (9.5%) converted to MCI and later returned to normal; 10 (5%) converted to MCI, to normal, and later back to MCI; 7 (3.5%) converted to MCI, to normal, to MCI, and later to dementia; and 4 (2%) converted to MCI, to normal, and later to dementia. There was an increased mortality rate among the cognitively normal group (110.10 per 1,000 person-years) compared to those with incident MCI who converted to dementia (41.32 per 1,000 person-years).
Older persons with mild cognitive impairment (MCI) have an increased risk of developing dementia, especially Alzheimer disease (AD). [1] [2] [3] [4] The prevalence rates of MCI range from 3% to more than 20%, depending on the classification methods (e.g., amnestic vs multiple cognitive domain), 5, 6 and although there are extensive data on the incidence of dementia in subjects with MCI, there are few data on the incidence of MCI in cognitively normal subjects. 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The existing data show an incidence in the range of 37 to 77 per 1,000 person-years (py). 7 Individuals with MCI progress to dementia at a rate of 5% to 15% per year, 1, 4 although as many as 40% to 50% of the subjects can return to cognitive normality (normal) 3, 9 ; thus, the natural history of MCI could be very unstable. If so, this makes the determination of its incidence a challenge, because individuals who have normal cognition at one point in time may have had MCI in the past. In addition, some subjects progress from normal cognition to dementia within a short period of time, apparently without transitioning through an MCI stage. 1, 4, 17 The Cardiovascular Health Study-Cognition Study (CHS-CS) is an ideal setting to examine the natural history of MCI because it has a wellcharacterized sample of normal participants with a long follow-up period (i.e., as many as 12 years). The present analysis has 2 objectives: 1) to determine the incidence of MCI in the CHS-CS cohort between 1998 -1999 and 2010 -2011 in those subjects who were cognitively normal from the study inception and 2) to identify different patterns of progression from normal to dementia through MCI.
METHODS CHS-CS. The CHS was initiated in 1989, and extensive clinical, radiologic, and laboratory data were obtained from participants in 4 US communities (Winston-Salem, NC; Hagerstown, MD; Pittsburgh, PA; and Sacramento, CA). All participants in the CHS completed the Modified Mini-Mental State Examination (3MSE) 18 and the Digit Symbol Substitution Test (DSST) 19 annually, and from 1994 through 1999, the Benton Visual Retention Test (BVRT) annually. 20 Information on cognition was obtained from proxies using the Informant Questionnaire for Cognitive Decline in the Elderly (IQ CODE) 21 and the Dementia Questionnaire (DQ). 22 Symptoms of depression were measured annually with the modified version of the Center for Epidemiology Studies Depression Scale (CES-D). 23 The subjects' evaluations and proxy interviews relevant for this study have been reported on previously. 24 This study was approved by the University of Pittsburgh Institutional Review Board, and informed consent was obtained from all participants in the study.
In 1998 -1999, the CHS conducted the CHS Memory Study with 3,608 participants, who had a structural MRI scan of the brain in 1992-1994 and repeat MRI in 1998 -1999. 4, 24 Of these subjects, 924 were examined at the Pittsburgh site, and 532 of these participants did not have dementia in 1998 -1999; the CHS-CS sample comprised them (figure e-1 on the Neurology ® Web site at www.neurology.org). Table e-1 shows the demographic, clinical, and genetic characteristics of the CHS-CS participants, compared to 1,732 from the CHS parent grant who were alive and did not have dementia in 1998 -1999. The CHS-CS cohort had higher 3MSE scores, more education, and less hypertension and included more African Americans than the other sites. The characteristics of the CHS and the Pittsburgh CHS-CS cohorts have been described previously, 4, 24, 25 as have the clinical evaluations. 26 Cognitive and neurologic examinations were conducted at the CHS clinic or at home, if the participant could not come in for an evaluation.
For the purpose of this study, we included the 285 participants who were alive and cognitively normal in 1998 -1999. We excluded those who had MCI in 1998 -1999 and 2002-2003 (MCI at both visits) or dementia in 2002-2003, as well as those MCI cases in 1998 -1999 who returned to normal in 2002-2003. We also excluded subjects who went from normal to dementia without an identifiable MCI stage (figure e-1). This specific sampling was done to maximize the likelihood that we included cognitively normal subjects in the longitudinal study. Twenty-three normal participants died between 1999 and 2002; 19 were retrospectively classified as cognitively normal (CN) and 4 as having MCI. In these cases, the diagnoses were made with information from the parent CHS study and postmortem DQ, 22 as well as a Neuropsychiatric Inventory (NPI). 27 The status of the study sample in 2002-2003 is shown in table e-2.
MCI and dementia diagnostic criteria. MCI was classified according to the CHS-CS diagnostic criteria. 24 The MCI amnestic type included subjects with impairments (defined as performance Ͼ1.5 SD below age/education appropriate means) in delayed recall of verbal or nonverbal material (or both) and with cognitive deficits that represented a decline from a previous level of functioning. Cognitive functions otherwise fell within normal limits. The diagnosis did not exclude individuals with mild alterations on instrumental activities of daily living (IADLs). Diagnosis of the second type, MCI-multiple cognitive deficits, required impairments in at least 1 cognitive domain other than memory (i.e., results of 2 or more tests were abnormal), or else 1 abnormal test result (which could be a memory test result) in at least 2 separate domains, without sufficient severity or loss of IADLs to constitute dementia. These cognitive deficits may or may not affect IADLs but must represent a decline from a previous level of functioning, in order to fulfill the diagnostic criteria. Participants were classified with possible MCI when there were psychiatric, neurologic, or systemic conditions that could themselves cause cognitive deficits. Subjects were classified as having probable MCI when no comorbid factors were identified. A diagnosis of dementia was based on a deficit in performance in 2 or more cognitive domains that was of sufficient severity to affect IADLs, with a history of normal intellectual function before the onset of cognitive abnormalities; a memory deficit was not required for the diagnosis of dementia. 25, 28 Diagnostic procedure. Participants were classified by an Adjudication Committee comprising experts in dementia, who first classified participants as having dementia, MCI, or normal and then adjudicated the specific type of dementia or MCI. The Adjudication Committee had access to the historical CHS cognitive test scores from 1989 to 2011, primarily data from the 3MSE (and subscales), DSST, and BVRT, and detailed neuropsychological assessments from 1998 to 2011, as well as the CES-D scores. It also had data from vision and hearing testing; history of alcohol intake; DQ findings 22 ; vital status; date of death; history of hospitalizations; medications to treat dementia; findings of MRI scans (1992-1994, 1997-1998, and 2002-2009 ); the annual neurologic examination and the NPI from 1998 to 2011; and hospital records.
Statistical analysis. Incidence rates were calculated per 1,000 person-years (py), and were analyzed on the basis of age, gender, education level (Ϯhigh school), and presence of the APOE4 allele. Analysis of variance, t test, and 2 were used to compare demographic and clinical characteristics among normal and MCI participants with and without conversion to dementia. Outcomes were the first visit with an MCI classification (dated at that visit) or the first dementia diagnosis (dated at that visit). Participants who died were censored at the date of death. Unadjusted Kaplan-Meier plots were used to describe the mortality rate among normal subjects, MCI subjects, and MCI subjects who converted to dementia, as well as the difference between the rate of conversion to dementia between probable and possible MCI.
RESULTS
A total of 200/285 (70%) of these cognitively normal participants developed MCI, and 107 (53.5%) of these subsequently developed dementia. Table 1 shows the demographic characteristics of the normal and incident MCI subjects at the beginning of the observation period. There were no statistical differences in terms of age, education level, race, proportion of subjects carrying the APOE4 allele, and 3MSE scores. However, the proportion of women was higher in the incident MCI group than in the normal group (relative risk [RR] ϭ 2.09; 95% confidence interval [CI] ϭ 1.24 -3.51). Table 1 also shows the characteristics of the incident MCI cases that progressed to dementia, in comparison with those that did not. The 3MSE scores were lower in the group who progressed to dementia than for those who did not (at the time of the MCI diagnosis). The incidence of MCI was 111.23 (88.8 -140.19) per 1,000 py. Table 2 shows the incident rates of MCI by age, gender, education level, and APOE4 status (available for 258 participants). Table 3 shows the pattern of progression of the normal participants from 1998 -1999 to 2010 -2011. The mean follow-up time of the cohort was 9.7 Ϯ 3.6 years (range, 0.60 -13.0 years). Of the 200 incident MCI cases, 93 (46.5%) remained as MCI, and 107 (53.5%) converted to dementia. The mean time to development of MCI was 5.9 Ϯ 2.7 years, and that to development of dementia from MCI was 2.8 Ϯ 1.8 years. Forty incident MCI cases (20%) were considered "unstable," that is, their diagnoses changed 1 or more times during follow-up (table 3). Nineteen (9.5%) converted to MCI and later returned to normal; 10 (5%) converted to MCI, to normal, and later to MCI; 7 (3.5%) converted to MCI, to normal, to MCI, and later to dementia; and (2%) converted to MCI, to normal, and later to dementia (table 3) .
When we compared the overall follow-up time from 1998 -1999 to last contact or death among CN and MCI subjects, there was a statistical difference among CN ( 68.64) in the MCI group who converted to dementia. We completed a Kaplan-Meier analysis of time to death (in years) comparing the normal subjects (who remained normal) with all incident MCI participants ( figure 1A) ; the time to death differed significantly between the 2 groups (log rank [Mantel-Cox[ 2 ϭ 41.8; df ϭ 1; p Ͻ 0.001). We then compared the survival of the normal subjects to that of the MCI subjects who remained MCI and the MCI subjects who developed dementia ( figure 1B) ; again, there was a significant difference between the survival functions ( 2 ϭ 42.0; df ϭ 2; p Ͻ 0.001). However, the effect was due to the difference between the CN and all MCI subjects; there was no significant difference in survival between the 2 groups of MCI subjects ( 2 ϭ 0.10; df ϭ 1; p Ͼ 0.05).
The incident rates and the characteristics of the subjects by cognitive type, certainty of the presence of neurodegenerative disorder, and stability in their clinical progression are shown in table 4. There were 19 subjects (9%) with MCI amnestic type (MCI-AT) and 184 (91%) with MCI multi-cognitive domain (MCI-MCD). The proportion of women was higher in the MCI-MCD group than in the MCI-AT and control groups. Twelve MCI-AT subjects (63%) and 98 MCI-MCD subjects (53%) progressed to dementia; the time to dementia was similar between groups.
There were 111 probable (55%) and 89 possible (45%) MCI cases. The proportion of women in both the probable and possible MCI groups was higher than in the normal group. The 3MSE scores in 2002-2003 were lower in the possible MCI group than in the normal group. The time to dementia in the possible MCI group was faster than in the probable MCI group (figure e-2) (log rank [Mantel-Cox] 2 ϭ 9.16; df ϭ 1; p Ͻ 0.002). There were 40 (20%) "unstable" MCI and 160 (80%) "stable" MCI participants. The 3MSE in 2002-2003 was lower in the stable MCI group than in the unstable MCI and normal groups. Only 1 subject with unstable MCI carried the APOE4 allele. The types of dementia by MCI groups are shown in table e-3. Of the 107 incident dementia cases, 102 (95%) converted to AD. 
DISCUSSION
This longitudinal study shows that the majority of the elderly subjects after age 80 developed an MCI syndrome and that more than half of them progressed to dementia. This is consistent with the increased prevalence and incidence of dementia in individuals age 85 or older. 29, 30 Progression from normal cognition to MCI, or from normal to MCI to dementia, was not linear in 20% of the subjects, which has important implications for the study and diagnosis of MCI and dementia. First, only 1 of the unstable individuals was an APOE4 allele carrier, suggesting that the absence of the APOE4 allele may attenuate the rate of progression and decrease mortality. 31 Second, the fact that subjects with MCI can revert to normal and later return to MCI will influence the estimates of prevalence and incidence of MCI, especially if the follow-up period is short (i.e., Ͻ5 years). Indeed, without having a period of normal cognition before developing MCI, it is possible to include subjects with recent history of MCI (e.g., 2 years previously) in a "cognitively normal" group. The proportion of subjects who developed MCI-AT was smaller than that of MCI-MCD 3, 24 ; the proportion of subjects with probable or possible MCI who converted to dementia was similar. However, there was a faster conversion rate in the possible MCI group, suggesting that cerebral and systemic comorbidities accelerate the development of clinical dementia. It is important to point out that some subjects with possible MCI converted to probable AD, and subjects with probable MCI converted to possible AD. This occurred when comorbid factors surrounding the initial MCI diagnosis subsided during follow-up, or when subjects developed new complications around the time they developed dementia.
The incident rates of MCI in previous studies ranged from 37 to 77 per 1,000 py. 7, 10 There are multiple methodologic differences that may explain the different rates among studies, including, for example, the definition of MCI, 7 the use of 2-stage screening protocols, 11 and the age of the subjects; the incidence is lower in younger cohorts. 9, 12 Our incidence rates were similar to those described in population studies that included subjects predominantly aged 85ϩ, and we also found increasing incidence with age. The Leipzig Longitudinal Study found that the incidence of MCI was 76.5/1,000 py among subjects aged 75 or older and 157.6/1,000 py in those 85 years or older, 14 and a recent report from the Mayo Clinic Study of Aging showed an incidence of 90.2/ 1,000 py among subjects aged 80 -84 and 125.2/ 1,000 py among those aged 85-89. 16 Our findings regarding mortality raise a critically important point in the interpretation of these and similar longitudinal data. We found increased mortality among the participants who remained cognitively normal throughout follow-up and decreased mortality among the subjects who developed MCI or dementia. Although this might be viewed as paradoxical, it is in fact a demonstration of the effects of competing mortality and morbidity. Other medical factors, the competing risks, resulted in the death of individuals who were cognitively normal before they had the opportunity to develop MCI or dementia. Those individuals who lived longer (because they did not succumb to a competing risk) went on to develop either MCI or dementia, resulting in the apparent dementia-associated increase in longevity. Unlike other studies, we measured mortality among individuals who were cognitively normal at the time that we began our observations, rather than starting the observation when the study participants met criteria for MCI or dementia, i.e., at the time that the "risk state" began. 32, 33, 34 For example, among the individuals who developed MCI, the time to death (after the MCI diagnosis) was 2.2 years, but they spent an average of 4.3 years transitioning to MCI (i.e., a total of ϳ6.5 years). Individuals who developed dementia died within 2.0 years of diagnosis, after an average of 5.4 years developing dementia (i.e., a total of 7.4 years). When we recalculated the mortality rate from the time of diagnosis of MCI (including the unstable cases) or dementia, the death rate was 87.3 per 1,000 py for the MCI subjects and 195.9 per 1,000 py for the dementia group. Thus, measured this way, mortality is consistently higher in individuals with dementia. It is important to note that the length of follow-up is critical; those studies that follow MCI cases for relatively short periods of time find an association between MCI and mortality, 32, 33 whereas those with longer follow-up periods do not. 35 One of the limitations of our study was that the participants did not have extensive annual cognitive evaluations between 1999 and 2002, and consequently, we may be underestimating the incidence rate of MCI. However, as noted here, there is a group of subjects who progressed from normal to dementia within a year and subjects who also progressed from normal to dementia, but they could not be evaluated because of medical issues (e.g., hospitalizations) or family-related issues (e.g., death of a spouse). Therefore, it is difficult to determine whether the subjects who developed dementia during the lag period of the study had an MCI stage or had a true rapid progression.
The missed observation is a methodologic problem usually encountered in studies that do not examine the participants on an annual basis. Had we included the subjects who progressed from normal (i.e., no observed MCI) to dementia in the analysis, the incident estimates would have changed. For example, if we had censored those participants at their date of dementia, then our estimates of incident MCI would have been lower. By contrast, if we used the midpoint between the last normal visit and the first dementia visit as the date of MCI onset, then our estimates would have been higher. Finally, we may have missed incident MCI cases in those subjects who died between 1999 and 2002, although we made every effort to determine the level of cognitive functions in those participants prior to death.
In any longitudinal study of elderly subjects, there is a progressive loss of subjects over time, and consequently, the number of subjects reaching age 80 or older tends to be small. We found that once the MCI syndrome was present, the symptoms of dementia appeared within 2 to 3 years. This suggests that the window to detect symptomatic predementia cases is narrow, which has important implications for the development of preventive therapies. Furthermore, our results showed that a long observation time, probably a decade or more, is needed to examine the nature of the biological process that leads to MCI and later to dementia in normal populations. The causes that make subjects fluctuate or remain as MCI for a long period of time need further study.
